Abstract -Electrical porcelains have been studied using fractographic methods. Typical strength controlling defects were quartz grains for an extruded low-alumina porcelain and pores for an isostatically pressed high-alumina porcelain. The fracture mirror constant was measured to 1.0 ~~/ m 3 / 2 and the residual stress was estimated to approximately 90 MPa for the isostatically pressed porcelain.
I -INTRODUCTION
Fractography is a well established method to characterize fracture surfaces of glasses as well as of high performance ceramics such as silicon nitride and silicon carbide /1,2/. The information about mode of failure and failure origin that can be obtained by fractography is of value, both for the designer of a ceramic component that has to bear a load, as well as for the material developer who wants to make stronger materials.
Fractography can also be app1,ied to the traditional poly-crystalline ceramics even if the method is less used In this field /3,4/.
Electrical porcelains for high voltage applications have to bear high tensile loads. Strength and slow crack growth are factors that affect the performance of such materials. In this paper the fracture of some electrical porcelains have been studied using fractographic methods.
I1 -MATERIALS
Four electrical porcelains (supplied by If6 Electric AB, Sweden) were studied (table 1). The porcelains were alumina containing porcelains for high voltage insulators. Circular rods with a diameter of 15.4-16.3 mm were used as received, in the fracture tests.
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The rods were f r a c t u r e d i n t h r e e point bending using a range of cross-head speeds. The f r a c t u r e s u r f a c e s were coated with gold and observed i n t h e scanning e l e c t r o n microscope (SEM) a s well a s with a l i g h t o p t i c a l microscope (LOM). Fracture o r i g i n s were analyzed by energy d i s p e r s i v e X-ray a n a l y s i s (EDX). Photographs were taken of t h e specimens and t h e s i z e s of t h e f r a c t u r e f e a t u r e s were measured. 
IV -RESULTS
The c h a r a c t e r i s t i c f e a t u r e s of a b r i t t l e f r a c t u r e could be observed, such a s f r a c t u r e m i r r o r , m i s t , hackle ( f i g u r e 1) and on t h e s t r o n g e r samples macroscop i c crack-branching. The t h e o r e t i c a l d e f e c t s i z e was compared t o what could be measured on t h e f r a c t u r e s u r f a c e ( t a b l e 2 ) . I n an i d e a l c a s e , t h e s e should show good agreement and i n d i c a t e i f t h e a c t u a l f r a c t u r e o r i g i n was observed /6/.
I n p o r c e l a i n A q u a r t z g r a i n s a r e t h e t y p i c a l f a i l u r e o r i g i n s ( f i g u r e 2). Cracks can o f t e n be observed around t h e q u a r t z g r a i n s . These cracks a r e l i k e l y t o be caused by t h e volume change accompanying t h e q u a r t z transformation. A p o r t i o n of t h e q u a r t z is s u b s t i t u t e d by alumina i n p o r c e l a i n B. I n t h i s porcel a i n q u a r t z g r a i n s a t f r a c t u r e o r i g i n s s t i l l e x i s t but o t h e r types of d e f e c t s such as agglomerates /7/ can a l s o be found. I n p o r c e l a i n C t h e t y p i c a l d e f e c t s
a r e pores. These pores probably o r i g i n a t e from i n t e r -o r intraagglomerate voids i n t h e green body formed during i s o s t a t i c pressing. I n p o r c e l a i n D no t y p i c a l d e f e c t type could be found.
Table 2 -Types and s i z e s of f r a c t u r e o r i g i n s
The r a d i u s of t h e f r a c t u r e mirror (mist/hackle r a d i u s ) was measured on porcel a i n D. This p o r c e l a i n had t h e highest mean s t r e n g t h of t h e f o u r p o r c e l a i n s and t h e most pronounced f r a c t u r e m i r r o r s . The mirror r a d i u s is r e l a t e d t o t h e f r a c t u r e s t r e n g t h by Porcelain S t r e n g t h , 3 points bending (MPa)* Cross-head speed (mm/min) KIc (MPa a l l 2 )
Number of samples f o r f r a c t o g r a p h i c study
Theoretical d e f e c t s i z e s (pm)**
Observed range of d e f e c t s i z e (pi)
C h a r a c t e r i s t i c d e f e c t type where r is t h e mirror r a d i u s and A t h e f r a c t u r e m i r r o r c o n s t a n t f o r t h e p a r t ic u l a r m a t e r i a l s t u d i e d . I n a p o r c e l a i n m a t e r i a l we have i n t e r n a l s t r e s s e s from The actual sizes of some of the encountered flaws such as agglomerates and quartz grains are difficult to measure because of their associated cracks. The strength controlling crack is the one in the same plane as the fracture mirror. The defect sizes reported in this investigation are the quartz grains and agglomerates sizes and not their associated crack sizes. This together with, residual stresses in the material can account for the differences between observed and calculated defects.
The method for estimating the residual stresses has not been widely tested yet so allowance must be made for possible imprecision of that result.
